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,QWURGXFWLRQ
,QPDQ\(XURSHDQFLWLHVWRGD\WKHKLVWRULFGZHOOLQJVWRFNLVGHWHULRUDWLQJDQGDEDQGRQHG(XURSHDQ&RPPLVVLRQ
)RUWKLVUHDVRQWKHUHDUHFXUUHQWO\XQGHUZD\SURMHFWVZLWKYDULRXVREMHFWLYHVLQFOXGLQJXUEDQUHJHQHUDWLRQ
9LFHQWHHWDO>@UHFRYHU\RIKDELWDELOLW\RUDFFHVVLELOLW\RIEXLOGLQJV>@DQGQHLJKERXUKRRGUHYLWDOL]DWLRQ>@
$OOWKHVHVWXGLHVKDYHWRLQFRUSRUDWHWKHDGGHGUHTXLUHPHQWRIVXVWDLQDELOLW\DQGHQHUJ\HIILFLHQF\>@LQDFFRUGDQFH
ZLWKWKH(XURSHDQHQYLURQPHQWDOFRPPLWPHQWVPDGHLQUHFHQW\HDUV3(	&RIWKH(XURSHDQ8
2Q WKHVH RFFDVLRQV LW LV DSSURSULDWH WR KDYH UHFRXUVH WR SURFHVVHV RIPRGHOOLQJ DQG VLPXODWLRQ RI EXLOGLQJV
+RZHYHUKLVWRULFGZHOOLQJVWRFNVDUHH[WHQVLYHDQGFRPSOH[DQG WKHLUEXLOGLQJVDUHGLIILFXOW WRPRGHOEHFDXVHD
WKRURXJKNQRZOHGJHRIWUDGLWLRQDOPDWHULDOVDQGFRQVWUXFWLRQV\VWHPVLVQHHGHGDVZHOODVRIWKHWUDGLWLRQDOZD\VRI
OLIH7KHJHRPHWULFDO FRPSOH[LW\RI WKHROGTXDUWHUVRI WRZQVPDNHV LW HQRUPRXVO\GLIILFXOW WRJHQHUDWH FRPSXWHU
PRGHOVDQGFRPSOLFDWHV WKHH[WUDSRODWLRQRI WKHUHVXOWV0RUHRYHU WKHVLPXODWLRQRIGZHOOLQJVZLWKWKHLURULJLQDO
DFWLYLW\DQGXVHVUHTXLUHVDGHILQLWLRQRIWKRVHWUDGLWLRQDOXVHVDQGFXVWRPV
7KHUHIRUHLWLVQHFHVVDU\ULJKWIURPWKHVWDUWRIDQ\SURMHFWIRUWKHUHWREHDQRUGHUO\DQDO\VLVRIWKHKLVWRULFGZHOOLQJ
LQLWVDUFKLWHFWRQLFFRQVWUXFWLYHDQGIXQFWLRQDODVSHFWV$W\SRORJ\FDQWKHQEHGHILQHGWKDWUHSUHVHQWVJHQHULFDOO\
WKHW\SLFDOFRQVWUXFWLRQVRIDJLYHQ]RQHWREHPRGHOOHGVXFFHVVIXOO\WRJHWWKHUHVXOWVQHHGHGWRGHILQHWKHHQHUJ\
EHKDYLRXURIKLVWRULFEXLOGLQJV
0HWKRGDQGFDVHVWXG\
7RGRFXPHQWWKLVPHWKRGRORJLFDODSSURDFKZHXVHGGZHOOLQJVRIWKH-HUWH9DOOH\UHIHUUHGWRKHQFHIRUWKDV(O
9DOOHORFDWHGLQWKH6LVWHPD&HQWUDORIWKH,EHULDQ3HQLQVXOD7KHUHDUHVRPHWKUHHWKRXVDQGGZHOOLQJVLQHOHYHQ
QXFOHLFKDUDFWHUL]HGE\WUDGLWLRQDOFRQVWUXFWLRQZLWKKLJKKLVWRULFDQGKHULWDJHYDOXH7KHVHQXFOHLDUHGHWHULRUDWLQJ
GD\E\GD\VLQFHWKHGZHOOLQJVDUHEHLQJDEDQGRQHGDVQRORQJHUSURYLGLQJDGHTXDWHOLYLQJFRQGLWLRQV+RZHYHUWKHVH
DXWRFKWKRQRXVEXLOGLQJVKDYHJUHDWSRWHQWLDOLQVXVWDLQDEOHUHKDELOLWDWLRQDQGHQHUJ\HIILFLHQF\GXHWRWKHLUDGDSWDWLRQ
WRWKHHQYLURQPHQWFKDUDFWHULVWLFRISRSXODUDUFKLWHFWXUH8QGHUVWDQGLQJKRZWKHVHGZHOOLQJVRULJLQDOO\IXQFWLRQHG
ZLOOIDFLOLWDWHPDNLQJGHFLVLRQVRQWKHUHKDELOLWDWLRQVWUDWHJLHVWKDWPXVWEHFDUULHGRXW
7KHVWXG\RIWKHVHGZHOOLQJVDVDJURXSDQGWKHGHILQLWLRQRIWKHLUUHSUHVHQWDWLYHW\SHVDOORZHGWKHPWREHVLPSOLILHG
DQGHQHUJ\PRGHOOHGLQWKH(QHUJ\3OXV'HVLJQ%XLOGHUVRIWZDUHSDFNDJH7KHUHVXOWVZLOOHQDEOHGHFLVLRQVWREHPDGH
LQWKHVHDUFKIRUDIXWXUHIRUWKLVVHWRIGZHOOLQJVWRFN
5HVXOWVDQGGLVFXVVLRQ
3.1. Study and recognition of the historic dwelling stock  
$V WKH ILUVW VWHS RQHPXVW FRQGXFW D VXUYH\ RI WKH VWRFN RI KLVWRULF GZHOOLQJV E\ FROOHFWLQJ DUFKLWHFWXUDO DQG
FRQVWUXFWLRQGDWDWKURXJKUHFRJQL]HGVRXUFHVRILQIRUPDWLRQLHWKHODQGUHJLVWULHV6HGH(OHFWUyQLFDGHO&DWDVWUR
WKHQDWLRQDOLQVWLWXWHVRIVWDWLVWLFV,QVWLWXWR1DFLRQDOGH(VWDGtVWLFDDQGWKHH[LVWLQJXUEDQSODQV7KLV
KDVWREHIROORZHGE\ULJRURXVILHOGZRUNWRFRQILUPWKHSUHYLRXVWKHRUHWLFDOGDWD7KHVWXG\RIVXIILFLHQWVDPSOHVRI
GZHOOLQJVZLOOPDNHLWSRVVLEOHWRREWDLQIDYRXUDEOHILQDOUHVXOWV,QWKHSUHVHQWFDVHVWXG\ZHSUHSDUHGLQIRUPDWLRQ
GDWDVKHHWVIRUVRPHFKDUDFWHULVWLFGZHOOLQJVRISRSXODUFRQVWUXFWLRQLQ(O9DOOHDQH[DPSOHLVVKRZQLQ)LJXUH
3.2. Definition of construction type  
$QDO\VLVRIDEXLOGLQJVWRFNDOORZVWKHVXEVHTXHQWGHILQLWLRQRILWVEXLOGLQJW\SHV>@7KHVHW\SHVUHSUHVHQW
WKHJHQHUDOFKDUDFWHULVWLFVRIKLVWRULFGZHOOLQJVLQWKHDUHDLQTXHVWLRQ7KHH[DPSOHRI)LJXUHGHILQHVRQHRIWKH
W\SHVH[LVWLQJLQ(O9DOOHZLWKLWVDUFKLWHFWXUDOFRQVWUXFWLYHDQGXVDJHYDULDEOHV7KLVGDWDZLOOODWHUEHUHTXLUHGWR
GHILQHWKHFRPSXWHUPRGHO7KHW\SHLVGHVFULEHGLQDEULHIIRUPDVDVPDOOGZHOOLQJZLWKDVLQJOHIDoDGHRIWZR
IORRUVDQGDURRIHGVSDFHEXLOWZLWKWKLFNVWRQHZDOOVZRRGHQIUDPHVDQGVORSLQJURRIDQGYHUWLFDODGREHSDUWLWLRQV
2QWKHJURXQGIORRUDUHWKHVWDEOHVWRUDJHFHOODUDQGSDVVDJHZD\2QWKHILUVWIORRUDUHWKHNLWFKHQEHGURRPDQG
OLYLQJURRPJURXQGIORRUURRIHGVSDFH
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
)LJ([DPSOHRIDQLQIRUPDWLRQVKHHWIRUDQKLVWRULFGZHOOLQJLQ(O9DOOHGUDZLQJVIURP9DOYHUGH>@
3.3. Creating the computational models in DesignBuilder  
7RSHUIRUPWKHHQHUJ\VLPXODWLRQVZHFUHDWHGFRPSXWHUPRGHOVZLWKGDWDFRUUHVSRQGLQJWRWKHRULJLQDOVWDWHRI
WKHGZHOOLQJVLHZLWKWKHWUDGLWLRQDOOLIHVW\OHVDQGFXVWRPV,QSDUWLFXODUWKLVLQFOXGHGWKHDQLPDOVLQWKHVWDEOHRQ
WKHJURXQGIORRUDZRRGILUHLQWKHNLWFKHQJUDLQVWDFNHGXSXQGHUWKHURRIRIWKHGHFNHWF$FFRXQWZDVDOZD\VWDNHQ
RIWKHGLIIHUHQWWDVNVFRUUHVSRQGLQJWRHDFKVHDVRQ>@1RGDWDZHUHLQFOXGHGLQWURGXFHGIRUKRWZDWHUOLJKWLQJRU
WKHUPDOFRQGLWLRQLQJV\VWHPV7KHPRVWUHOHYDQWGDWDLQSXWXQGHUWKHGLIIHUHQWWDEVRIWKHVRIWZDUHSURJUDPZHUHDV
IROORZV
x 6LWHGHWDLOV2QHPXVW VHOHFW D VXLWDEOHFOLPDWH UHFRUG ,QSDUWLFXODU WKHFRUUHVSRQGLQJ WHPSODWH WR LQSXWPXVW
FRUUHVSRQGWRWKHFORVHVWDYDLODEOHFOLPDWHUHFRUGJHRJUDSKLFDOO\DQGZLWKDFOLPDWHVLPLODUWRWKDWRIWKHSODFHLQ
TXHVWLRQ ,Q WKLV FDVHZH XVHG D UHFRUG WKDW EHORQJV WR RQH RI WKHPRVW UHSUHVHQWDWLYH WRZQV RI (O9DOOH$
FKDUDFWHULVWLFRULHQWDWLRQKDVWREHGHILQHG,QWKHFDVHVWXG\WKHRULHQWDWLRQVLPXODWHGZDVVRXWKZHVWDV
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EHLQJWKHGLUHFWLRQRIYDOOH\
VRULHQWDWLRQDQGWKHUHIRUHRIPRVWRILWVEXLOGLQJV$Q\RWKHURULHQWDWLRQVLIWKH\
H[LVWVKRXOGLPSOHPHQWHGDVYDULDWLRQVLQWKHPRGHO
x *HRPHWULFGDWD(DFKIORRUSUHYLRXVO\GHILQHGLQWKHW\SRORJ\GDWDVKHHWV)LJXUHLVLQSXWDVDOVRDUHWKHURRPV
DQGGLPHQVLRQV,QDGGLWLRQZHGHILQHGWKHYROXPHRIWKHEXLOGLQJVWKDWPDNHXSWKHVWUHHWWRWDNHLQWRDFFRXQW
WKH HIIHFW RI VKDGLQJ 7KH H[LVWHQFH RI JDSV RU KROHV WKDWPD\ DIIHFW WKH QDWXUDO LQVLGH YHQWLODWLRQ RU RXWVLGH
LQILOWUDWLRQKDVWREHVSHFLILHG,QWKLVFDVHZHLQSXWWKHRSHQLQJVLQWKHNLWFKHQFHLOLQJWRYHQWVPRNHWRWKHZDWWOH
RIWKHORZURRIDQGWKHJDSVEHWZHHQURRIWLOHV
x $FWLYLW\GDWD:HLQSXWDWHPSODWHRIDFWLYLW\RFFXSDWLRQDQGPHWDEROLVPLQHDFKURRPFRQVLGHULQJDGHQVLW\RI
SHUVRQVSHUXQLWDUHDDVFKHGXOHRIXVHDQGDPHWDEROLFUDWH7KHVHGDWDZHUHHVWLPDWHGIURPNQRZOHGJHRIWKH
IXQFWLRQLQJRIWKHGZHOOLQJV)RUWKHVHKLVWRULFGZHOOLQJVZHGLGQRWFRQVLGHUKROLGD\VVLQFHWKHUHH[LVWQRORQJ
SHULRGVWKDWPLJKWDIIHFWWKHRYHUDOOUHVXOWV,WKDVWREHERUQHLQPLQGWKDWLQPDQ\FDVHVWKHKLVWRULFGZHOOLQJ
IRUPHGSDUWRIHFRQRPLFDFWLYLW\DQGWKDWDQLPDOVRIWHQVKDUHGVSDFHZLWKSHRSOH>@&RQVLGHULQJDQLQLWLDOYDOXH
RI :Pð >@ZH FRUUHFWHG WKLV IRU WKH ERG\ SDUW XVHG WKH OHYHO RIZRUN WKH SRVLWLRQ DQG WKH W\SH RI
GLVSODFHPHQWLQYROYHGLQWKHDFWLYLW\%\ZD\RIH[DPSOHZHUDWHGWZRPDLQDFWLYLWLHV7KHILUVWZDVOLJKWHUXVLQJ
ERWKDUPVPLGOHYHOVHDWHGZLWKRXWGLVSODFHPHQWVXFKDVFRRNLQJRUZHDYLQJ7KHVHFRQGZDVKHDYLHUXVLQJ
WKHZKROHERG\PLGOHYHOLQFOLQHGVWDQGLQJSRVLWLRQZLWKRXWGLVSODFHPHQWVXFKDVFOHDQLQJWKHVWDEOHRUIHHGLQJ
WKHOLYHVWRFN)RUWKHILQDOPHWDEROLFUDWHZHWRRNLQWRDFFRXQWWKHDYHUDJHERG\VXUIDFHDUHDRIDQLQGLYLGXDO
7DEOH
7DEOH([DPSOHRIWKHFDOFXODWLRQRIWKHEDVDOPHWDEROLVPRIWZRDFWLYLWLHVLQWKHSRSXODUDUFKLWHFWXUHRI(O9DOOH
$&7,9,7< 
&RRNLQJRUZHDYLQJ
$&7,9,7< 
&OHDQLQJWKHVWDEOHRUIHHGLQJWKHOLYHVWRFN
%\EDVDOPHWDEROLVP :Pð %\EDVDOPHWDEROLVP :Pð
%\ERG\SDUWXVHG :Pð %\ERG\SDUWXVHG :Pð
%\VWDWLFSRVLWLRQ :Pð %\VWDWLFSRVLWLRQ :Pð
%\GLVSODFHPHQW :Pð %\GLVSODFHPHQW :Pð
727$/ :Pð 727$/ :Pð
%RG\VXUIDFHDUHD Pð %RG\VXUIDFHDUHD Pð
727$/ : 727$/ :

x 7KXVWKHGDWDDVVLJQHGWRHDFKURRPZHUHDVIROORZV
D 8QRFFXSLHGRUXQLQKDELWDEOHVSDFHV7KHVHDUHFRQVLGHUHGWRKDYHQXOORFFXSDWLRQ7KH\WKHUHIRUHGRQRW
JHQHUDWHLQWHUQDOJDLQVDQGGRQRWFRQWULEXWHWRWKHPHWDEROLFUDWH7KH\DUHVSDFHVGHGLFDWHGWRVWRUDJHLQWKLVFDVH
WKHFHOODUDQGWKHGHFN
E 2FFXSLHGRUKDELWDEOHVSDFHV7KHVHJHQHUDWHJDLQVGXHWRXVH,QHDFKFDVHWKHPHWDEROLFDFWLYLW\DQGWKH
GHQVLW\DUHWDNHQLQWRDFFRXQW$PRQJWKHVHVSDFHVRQHFDQGHILQH
6SDFHVIRUDQLPDOV,QWHUQDOJDLQVVKRXOGEHFRQVLGHUHGLQWKHSHULRGLQZKLFKWKHDQLPDOVDUHNHSWVWDEOHGXVXDOO\
LQWKHFROGHVWPRQWKVRIWKH\HDU,QWKHFDVHRI(O9DOOHWKLVZDVFRQVLGHUHGWREHWKHPRQWKVRI2FWREHUWR$SULO
'HSHQGLQJRQWKHVL]HRIWKLVVSDFHRQHFRQVLGHUVDFHUWDLQPHWDEROLFUDWHDQGDQRFFXSDWLRQ,QDVPDOOVWDEOHZH
HVWLPDWHGDFRZ:DQGDSLJ:>@7KHPHWDEROLFUDWHRIWKHSHUVRQVDWWHQGLQJWRWKLVVSDFHLV:Pð
&LUFXODWLRQVSDFHV7KHVHDUHRIGD\WLPHRFFXSDWLRQ,Q(O9DOOHZHHVWLPDWHGIURPKWRKLQWKHSDVVDJH
ZD\DQGVWDLUV7KHGDWDWDNHQDUHDPHWDEROLFUDWHRI:PðFRUUHVSRQGLQJWRDVWDQGLQJSRVLWLRQDQGZDONLQJRQ
DKRUL]RQWDOSODQHH[FHSWIRUWKHVWDLUVIRUZKLFKLWULVHVWR:PðDVFHQGLQJDVWHHSO\LQFOLQHGSODQHDQGD
GHQVLW\RISHUVRQVPðZKLFKLVWKHGHIDXOWSURYLGHGE\WKHVRIWZDUH
/LYLQJVSDFHV,QWKLVFDVHZHFRQVLGHUHGDQRFFXSDQF\RIWKHOLYLQJURRPIURPKWRKDQGIURPKWR
K7KHVHDUHGDWDWKDWFRUUHVSRQGWROLJKWZRUNVHDWHGXVLQJERWKDUPVZLWKDPHWDEROLFUDWHRI:PðDQGD
GHQVLW\SHUVRQVPðWKHGHIDXOWSURYLGHGE\WKHVRIWZDUH
6OHHSLQJDUHDV7KHEHGURRPVZHUHFRQVLGHUHGDVXVHGIURPKWRKZLWKDGHIDXOWPHWDEROLVPRI:Pð
DQGDGHQVLW\RISHUVRQVPð
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&RRNLQJDQGHDWLQJVSDFHV7RJHWKHUZLWKWKHSDVVDJHZD\WKHNLWFKHQLVWKHPRVWXVHGVSDFHRIWKHGZHOOLQJ
ZLWKDYDULDEOHRFFXSDWLRQIURPKWRKGHSHQGLQJRQWKHZRUNFRUUHVSRQGLQJWRHDFKVHDVRQ7KHGDWDLQSXWLVD
PHWDEROLVPRI :Pð FRUUHVSRQGLQJ WR OLJKWZRUN VHDWHGZLWK WKH XVH RI ERWK DUPV DQGSHUVRQVPð
GHQVLW\$OVRFRQVLGHUHGDVDQLPSRUWDQWLQWHUQDOJDLQLVWKHKHDWJHQHUDWHGE\WKHILUH7KLVLVXVXDOO\DOLJKWDOOGD\LQ
WKHFROGPRQWKVDQGPDLQWDLQHGDOOQLJKWZLWKLWVHPEHUV

)LJ&RQVWUXFWLRQW\SRORJ\GDWDVKHHWRIDGZHOOLQJLQ(O9DOOH
x &ORWKLQJGDWD:HFDOFXODWHGWKHYDOXHRIDSHUVRQ
VWKHUPDOLQVXODWLRQFORWKLQJFRHIILFLHQWLQ(O9DOOHLQHDFK
VHDVRQXVLQJ2OHVVHQ
VH[SUHVVLRQIRUJDUPHQWV>@DQGWKHVWXG\RIWUDGLWLRQDOFORWKLQJLQ(O9DOOH)ORUHV
7KHUHVXOWVLQGLFDWHWKDWFORWKLQJLVZDUPHUWKDQFXUUHQWO\WDNHQWREHXVXDO:HDGRSWHGWKHYDOXHRI
FORIRUVSULQJDXWXPQFORIRUVXPPHUDQGFORIRUZLQWHU7DEOH
x (QFORVXUHVGDWD'DWDZHUHLQSXWFRUUHVSRQGLQJWRWKHVWUXFWXUDOFKDUDFWHULVWLFVLQGLFDWHGLQWKHW\SRORJ\GDWDVKHHW
)LJXUH  ,Q WKLV VHFWLRQ RQH PXVW HVWLPDWH WKH GHJUHH RI LQILOWUDWLRQ IRU HDFK HQFORVXUH DFFRUGLQJ WR WKH
SHUPHDELOLW\RIWKHV\VWHPRIFRQVWUXFWLRQ$OVRWKHJURXQGIORRUZDVDVVLJQHGFRQWDFWZLWKWKHWHUUDLQDQGWKH
GLYLGLQJZDOOVVHSDUDWLQJWKHGZHOOLQJIURPDQRWKHUEXLOGLQJRIWKHVDPHXVHZHUHDVVLJQHGWKHFKDUDFWHULVWLFRI
DGLDEDWLFLW\VLQFHHQHUJ\LVQRWLQWHUFKDQJHGZLWKWKHVXUURXQGLQJEXLOGLQJV
x 'DWDIRURSHQHGZLQGRZVDQGGRRUV:HHVWLPDWHGDVLWXDWLRQLQDFFRUGDQFHZLWKWKHXVHVDQGURRPV7KXVWKH
GRRUVRIWKHXQLQKDELWDEOHVWRUDJHVSDFHVFHOODUDQGGHFNUHPDLQFORVHGWKHEHGURRPVGRQRWKDYHGRRUVEXWDUH
FORVHGE\DFXUWDLQEHWZHHQWKHPDQGWKHOLYLQJURRPWKHGRRURIWKHSDVVDJHZD\UHPDLQVSDUWLDOO\RSHQLQWKH
OHVVH[WUHPHKRXUVRIHDFKVHDVRQH[FHSWIRUWKHFROGHVWPRQWKVZKHQLWUHPDLQVFORVHG:KLOHWKHJURXQGIORRU
VWDLUFDVHKDVQRGRRUWKHRQHWKDWJRHVXSWRWKHGHFNGRHV([WHUQDOVKDGLQJZDVVLWXDWHGRQZLQGRZVIDFLQJWKH
VWUHHWLQWKHVXPPHUIURPKWRK)XUWKHUPRUHZHGHVLJQHGDVFKHGXOHIRUWKHRSHUDWLRQRIGRRUVDQGZLQGRZV
ZKLFKZLOOVXEVHTXHQWO\LQIOXHQFHWKHH[WHUQDOLQILOWUDWLRQVDQGQDWXUDOYHQWLODWLRQ7KHWLPHFKRVHQIRURSHQLQJ
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IRUYHQWLODWLRQLVPLQLPDOLQZLQWHULQFROGZHDWKHUDQGLQVXPPHUDWWKHKRWWHVWWLPHVRIGD\+RZHYHUIRUFRROLQJ
LQWKHKRWWHVWPRQWKVZHGHVLJQHGDEURDGHUWLPHRIRSHQLQJGXULQJWKHFRROHUKRXUVRIWKHQLJKW
7DEOH&DOFXODWLRQRIWKHFORWKLQJFRHIILFLHQWIRUPHQDQGZRPHQLQWKHSRSXODUDUFKLWHFWXUHRI(O9DOOH
:20$1    0$1   
&DPLVROH    /RQJXQGHUZHDU   
3HWWLFRDW    /RQJVOHHYHGVKLUW   
+DOIVOHHYHGEORXVH    /RQJVOHHYHGVKLUW   
%RGLFH    &RUGXUR\MDFNHW   
'RXEOHW    7KLFNWURXVHUV   
8QGHUVNLUW    (VSDGULOOHV   
3DQQLHUVRYHUWKHXQGHUVNLUW       
6KDZO       
(VSDGULOOHV       
&ORWKLQJFRHIILFLHQW    &ORWKLQJFRHIILFLHQW   
 :LQWHU  6SULQJDQGDXWXPQ  6XPPHU
x 2SWLRQVRIWKHPRGHO,QWKHFRPSXWHUSURJUDPWKHFDOFXODWHGQDWXUDOYHQWLODWLRQKDVEHHQDGMXVWHGLHWKHQDWXUDO
YHQWLODWLRQDQGLQILOWUDWLRQDUHFDOFXODWHGEDVHGRQWKHGLPHQVLRQVRIWKHRSHQLQJVDQGFUDFNVWKHVWDFNRUFKLPQH\
HIIHFW DQGZLQG SUHVVXUH 7KH LQWHUQDO JDLQ GDWD DUH VLPSOLILHG LH WKH\ DUH GLYLGHG LQWR YDULRXV FDWHJRULHV
RFFXSDWLRQ NLWFKHQ VRODU FROOHFWLRQ HWF 6\QFKURQL]DWLRQ LV WKURXJK VFKHGXOLQJ DQG LV GHILQHG XVLQJ WKH
VFKHGXOLQJDQGSURILOHVPHFKDQLVP
&RQFOXVLRQV
:LWKWKLVWHVWRIWKHPHWKRGRQWKHGZHOOLQJVRI(O9DOOHRQHFDQVD\WKDWWKHDUFKLWHFWRQLFDQGFRQVWUXFWLYHDQDO\VLV
RIDQKLVWRULFGZHOOLQJVWRFNDQGWKHVHOHFWLRQDQGVWXG\RIVXIILFLHQWUHSUHVHQWDWLYHVDPSOHVDOORZEXLOGLQJW\SRORJLHV
WREHGHILQHGZKLFKUHSUHVHQWWKDWVWRFN$OVRWRFRPSOHWHWKHLQIRUPDWLRQRIDFRPSXWHUPRGHOWKDWVLPXODWHVKLVWRULF
GZHOOLQJVLQWHUPVRIHQHUJ\LWLVQHFHVVDU\WRGHILQHWKHOLIHVW\OHV7KHVHLQWXUQHQDEOHWKHDOORFDWLRQRIDSSURSULDWH
PHWDEROLFUDWHVDQGWKHUPDOLQVXODWLRQFORWKLQJFRHIILFLHQWVLQHDFK]RQHRIWKHGZHOOLQJLQTXHVWLRQ2WKHUSDUDPHWHUV
WKDWDUHQHFHVVDU\WRGHILQHDUHWKHSODFH
VFOLPDWLFFKDUDFWHULVWLFVDQGWKHVFKHGXOHVRIRSHQLQJZLQGRZVDQGGRRUV
VRDVWRXQGHUVWDQGWKHLQGRRUPRYHPHQWRIDLU$OOWKLVLQIRUPDWLRQDOORZVFRPSXWHUPRGHOVWREHJHQHUDWHGWKDW
FRQWDLQHQRXJKLQIRUPDWLRQWRSURYLGHUHVXOWVWKDWFDQEHFRQYHQLHQWO\XVHGLQVXEVHTXHQWVWXGLHV
$FNQRZOHGJHPHQW
7KH WUDQVODWLRQRI WKLVSDSHUZDVPDGHSRVVLEOHE\ WKH IXQGLQJDZDUGHGE\ WKH -XQWDGH([WUHPDGXUDDQG WKH
(XURSHDQ 5HJLRQDO 'HYHORSPHQW )XQG (5') WR WKH UHVHDUFK JURXS ³',3$0$&´ WKURXJK JUDQW RI UHIHUHQFH
*5
5HIHUHQFHV
>@ &DQR0$FWLYLGDGHVHQHOiPELWRGHODFDVD´LQ/DFDVDXQHVSDFLRSDUDODWUDGLFLyQ'SURYLQFLDOGH6DODPDQFD(GSS±
>@ &HWLQHU,DQG(GLV($QHQYLURQPHQWDODQGHFRQRPLFVXVWDLQDELOLW\DVVHVVPHQWPHWKRGIRUWKHUHWURILWWLQJRIUHVLGHQWLDOEXLOGLQJV´
(QHUJ\%XLOGYROSS±
>@ &XQQLQJKDPDQG$FNHU$QLPDO6FLHQFHDQG,QGXVWU\
>@ 'DVFDODNL ( * 'URXWVD . * %DODUDV & $ DQG .RQWR\LDQQLGLV 6 %XLOGLQJ W\SRORJLHV DV D WRRO IRU DVVHVVLQJ WKH HQHUJ\
SHUIRUPDQFHRIUHVLGHQWLDOEXLOGLQJV±$FDVHVWXG\IRUWKH+HOOHQLFEXLOGLQJVWRFN(QHUJ\DQG%XLOGLQJVYROQRSS±
>@ 'DVFDODNL(*'URXWVD.*DJOLD$*.RQWR\LDQQLGLV6DQG%DODUDV&$'DWDFROOHFWLRQDQGDQDO\VLVRIWKHEXLOGLQJVWRFN
DQGLWVHQHUJ\SHUIRUPDQFH²$QH[DPSOHIRU+HOOHQLFEXLOGLQJV´(QHUJ\%XLOGYROQRSS±
>@ (XURSHDQ&RPPLVVLRQ/HLS]LJ&KDUWHURQ6XVWDLQDEOH(XURSHDQ&LWLHV
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>@ )LORJDPR/3HUL*5L]]R*DQG*LDFFRQH$2QWKHFODVVLILFDWLRQRIODUJHUHVLGHQWLDOEXLOGLQJVVWRFNVE\VDPSOHW\SRORJLHVIRU
HQHUJ\SODQQLQJSXUSRVHV´$SSO(QHUJ\YROSS±
>@ )ORUHVGHO0DQ]DQR)/DYLGDWUDGLFLRQDOHQHO9DOOHGHO-HUWH0pULGD$VDPEOHDGH([WUHPDGXUD
>@ 1HLOD*RQ]iOH])-$UTXLWHFWXUD%LRFOLPiWLFDHQXQHQWRUQRVRVWHQLEOH0DGULG
>@3(\&GHOD8(XURSHD'LUHFWLYD8(UHODWLYDDODHILFLHQFLDHQHUJpWLFDGHORVHGLILFLRV
>@3(\&GHOD8(XURSHD'LUHFWLYD8(UHODWLYDDODHILFLHQFLDHQHUJpWLFD
>@6HGH(OHFWUyQFLDGHO&DWDVWUR>2QOLQH@$YDLODEOHKWWSZZZVHGHFDWDVWURJREHV
>@7KHRGRULGRX,3DSDGRSRXORV$0DQG+HJJHU0$W\SRORJLFDOFODVVLILFDWLRQRIWKH*UHHNUHVLGHQWLDOEXLOGLQJVWRFN´(QHUJ\
DQG%XLOGLQJVYROQRSS±
>@9DOYHUGH/RUHQ]R/56LVWHPDVFRQVWUXFWLYRVHQODDUTXLWHFWXUDSRSXODUGHO9DOOHGHO-HUWH&RQVWUXFWLRQV\VWHPVLQWKHDUFKLWHFWXUH
-HUWH9DOOH\7UDEDMR)LQGH&DUUHUDGH$UTXLWHFWXUD7pFQLFD(VFXHOD3ROLWpFQLFDGH&iFHUHVLQ6SDQLVK
>@9LFHQWH5)HUUHLUD70DQG0HQGHVGD6LOYD-56XSSRUWLQJXUEDQUHJHQHUDWLRQDQGEXLOGLQJUHIXUELVKPHQW6WUDWHJLHVIRUEXLOGLQJ
DSSUDLVDODQGLQVSHFWLRQRIROGEXLOGLQJVWRFNLQFLW\FHQWUHV-RXUQDORI&XOWXUH+HULWDJHYROQRSS±
>@:DQJ+-DQG=HQJ=7$PXOWLREMHFWLYHGHFLVLRQPDNLQJSURFHVVIRUUHXVHVHOHFWLRQRIKLVWRULFEXLOGLQJV([SHUW6\VW$SSOYRO
QRSS±
>@,QVWLWXWR1DFLRQDOGH(VWDGtVWLFD&HQVRGHSREODFLyQ\YLYLHQGD>2QOLQH@$YDLODEOHZZZLQHHV>$FFHVVHG@
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